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THROUGH ORTHOESTER CLAISEN REARRANGEMENT FOR ALLYLIC ALCOHOL 

FUNCTIONALITY TAGGED AT C(2) OF PYRROLIDINE AS A KEY STEP 
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- Orthaester Claisen rearrangement of (251-2-[l '(E)-3'-hydroxypropenyll- 

Pyrrol~dme derived from 6 -p ro l i ne  gave (2Sl-2-[1'-(ethoxycarbonyImethyl)-P- 

~ro~enyll-N-(t-butaxycab0nyl)-pyrrolidin whlch is ready for further elaboration 

dtrected t o  neclne base skeleton. T l t le  compounds have been synthesized using thls 

key intermed~ate. 

The pyrrollzidine alkaloids isolated from the pulse and the compos~te famlly are known to  exhiblt an 

incredlble range of biological actlwty, inclvdmg ant~tumor, hypotenslve, and hepatotoxic actlons, etc. 1 

(-)-lsoretronecanoi (j) and (-)-tracheianthamidine (2) are the simplest members of neclne bases. 

2 Although many syntheses of 1 and 2 have been reported, only a few reports for the synthesls of 

optlcally actlve 1 and 2 have appeared sa tar: D. J. Roblns et M. Benn er K. Tatsvta 

e t  a2..3C S. Takano er and Y. Nagao er d.3e have prev~ously completed the total synthesls 

of both or either of these alkaloids employing starting materials and key intermediates indicated 

below, along wlth the outcomes of e.e.% aah~eved. 

Recently we have established the general method far selective 19-reduction of y-amino-a.8-unsaturated 

ester prepared from a-amino acid by means of BF . o E ~ ~  - DIBAL system4 in w h ~ c h  the added B F ~ . O E ~ ~  
3 

plays an Important role to  coordmate electroph~l~cal ly to  the nltrogen atom, thereby t o  prevent the 

DlBAL from being trapped an the nitrogen atom. According t o  thls procedure, we have prepared useful 

c h ~ r a l  allyl lc alcohol frameworks bearing ammo functlonal~ty at  y-position such as 3 or 5, both of whtch 

can serve as a promlsing chlral bulldlng block for optlcally actlve necine bases family because an 

appltcation of orthoester Claisen rearrangement to  these may provlde us wfth hlghly e f f c i en t  route t o  

1-aza-blcyclo[3.3.01- Or rlght-hand portlon of pyrrolludine skeleton, respect~vely. In thls cammum- 

catlon, we wall descrlbe the total synthess of 1 and 2 relying on such new method for constructing 

pyrrolizidine ring system using 3. 
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in the event. N-boc-6)-prolme methyl ester was reduced with DIBAL 11 equi~./PhMe/-78~CI, giving 

rise to N-boc-prolinal (1) in 74% crude yield,5 which, without any puriflcatlon, was subjectd to  

condenrntion with dilsopropyl ethoxycarbonylmethylphosphonate [NaH/THF/O0C] to  give 8 in 94% y ~ e l d  

(>95% E )  after silica gel purification: -75.3' (c 1.74, CHCI3). When the resulting y-amlno- 

a,&unsaturated ester 0 was allowed to react with DIBAL [2 equiv./PhMe/-78'CI. 4 was furnished in 

71% yield accompanied by inevitable formation of 1.4-reduction product whlch made a purification of 3 

very difficult. However, when 8 was reduced with DiBAL [2 equiv.] after bemg exposed to  BF3.0Et2 

[ I  equiv.] in CH CI at  -78'C for 0.5 h, 4-amino-a;lyl#c alcohol @I was obtained in hlgher yield 
2 2 

(83%) after column chromatography, a negligible amount of 14-reduction product being detected: 

[dg0 -30.3' (c 2.88, CHCI3): ir (film) 3380 (OH), 1675 (bod: ' ~ - n m r  (CDCI3) 6 1.43 (s, 9H), 1.67- 

12.18 (m, 4H), 3.05-3.60 (m, 3H), 4.01-4.72 (m, 3H), 5.64 (m, 2H): 13c-nmr (CDCI3) 6 23.20 (t), 
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128.51 (q), 31.92 (t), 46.40 (t), 58.24 (d), 62.48 (t), 79.20 (s), 129.3 (d), 131.4 (d), 154.7 (5). 

The next key step which leads to  a proper arrangement of requisite carbon framework have been 

6 effected by orthoester Clalsen rearrangement of 3 [CH3C(OEt)3/EtCOOH/1400C] to afford (2s)-2-11'-3'- 

7 .  ethoxycarbonyimethyl)-2'-propenyl]]-N-boc-pyrrolidne in 71% yield, new c h m  carbon being 

generated dmultaneously. Diastereofacial selectivity of t h ~ s  orthoester Claisen rearrangement turned 

out to be about 2.6 : 1 wa) estimated on the basis of 13c-nmr spectra (25.05 MHz). The mixture 

8 
of diastereoisorners 5 was subjected t o  ruthenium-catalyzed ox ida tm [RuCl3'H20, 0.05 a9uw.lNa104, 

10 equiv./CC14:MeCN:H20=1:1:l.51room tf!mperature] to afford carboxylic acld, whlch, wlthout purlfi- 

cation, was treated with CH2N2 [AcOEt/O°C] to  give 1 in 75% yield after silica gel chromatography. 

A generation of free ammo group and ensuing mtramolecular amidation by means of  AIM^^' gave rise 

to  (5S)-4-methoxycarbonyl-1-azabicyclo[3.3.0loctan-2-one in 74% yield. The diastereolsomer ratlo 

of 2 turned out again to  be approximately 2.6 : 1 (a:&) as verified on the basts of capillary gas 

chromatographic analysis. The two diastsreolsomer have been separated carefully using sllica gel 

column chromatography and both isomers, &lo [alg2 -135.5' (c 1.4, CHC13) and &ll [a]?' -80.4' 

(c 1.5, CHCI3), were identified on careful comparison with 'H- and 13c- nmr spectral data of the 

authentic one.'' We expected that the major endo-stereolsomet (&) would be readily epimerlred to  

the thermodynamically mote stable em-stereoisomer &). Thus, the amide ester 5 was actually 

transformed into a 1 : 4.4 mixture of and & (capillary gas chrornatograph~c analysis) in 76% yield by 
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treatment wlth excess sodium methoxlde in MeOH at amblent temperature for 24 h. A simultaneous 

reduction of both ester and amlde groups of and 6& by L A H  rn THF" led t o  (-)-~soretronecanol (1); 

-76.4' (c 1.3, EtOH) [Ilt. [a];7 -78.2' (C 2.8, E ~ o H ) ~ ~ ~ ,  and (-1-trachelanthamidlne @I; 1olg3 

-13.4' (C 0.5, EtOH) [l i t . l a l o  -13.8' (c 1.28, E ~ O H ) ] ' ~ ,  respectively, in 90% weld. 
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I t  is generally known that the Clalsen rearrangement proceeds usually through a cha i r l l ke  stx-membered 

cyclic transition state.15 Under such situation, two representat~ve transition states such as TA and 

TB could be considered. The above-mentioned results Indicate that TA 1s more favorable than TB or, 

~n other wards, the re-face of allyl lc olefin may be the least hindered slte to  give as a major 

Isomer. An appropriate model suggests that such conformations as TA or TB would be reallzed i f  

the C-N bond ortents orthogonal t o  the C=C plane so as to  maxlmire an overlapping between o*(C-N) 

and n(C=C) orbltals.16 We have also attempted Ireland rearrangement for the acetate of 3 

[LDA/Me3S~CI/THF-HMPAI ~n the hope of lmpraving the observed d~astereoselecttvlty not to  be fruitful. 
17 

Application of  the present strategy to  the total synthesis of hellotridlne or retronecine employing 4 

is currently a major concern in our laboratory. 
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